The electron paramagnetic resonance (EPR) spectra of the blue copper oxidase ceruloplasmin ferroxidase, iron(II 
The blue copper oxidase ceruloplasmin [ferroxidase, iron(II): oxygen oxidoreductase, EC 1.16.3.1] (1, 2) is the major copper-containing mammalian blood plasma protein. As do ascorbate oxidase and laccase, ceruloplasmin catalyzes the fourelectron reduction of dioxygen to two molecules of water with concomitant substrate oxidation. Although capable of oxidizing many organic substrates in vitro, the physiological substrate of ceruloplasmin is thought to be ferrous ion (2) . Ceruloplasmin may also function as a copper transport protein. Indeed, in addition to the intrinsic copper atoms that are involved in the catalytic activity of the enzyme, ceruloplasmin will bind up to 10 cupric ions in reversible fashion (3) .
The blue copper oxidases each contain a minimum of four copper atoms in three spectroscopically distinct sites (4) (5) (6) (7) (8) (9) . The type 1, or blue, copper is characterized by an intense electronic absorption band at ca 600 nm and by an abnormally narrow electron paramagnetic resonance (EPR) hyperfine structure. The type 2, or nonblue, copper features a copper EPR hyperfine structure similar to that found in tetragonal copper complexes. Type 3, or EPR-nondetectable, coppers are associated with an intense absorption band at ca 330 nm. Ceruloplasmin has six or seven copper binding sites: two type 1, one type 2, and three or four type 3 (10) .
Spectroscopic studies on native (refs. 11-14 and unpublished data) and cobalt-substituted (11, (15) (16) (17) blue proteins have indicated a near tetrahedral geometry for type 1 copper; for plastocyanin (18) and azurin (19) , preliminary x-ray crystallographic results have shown that the copper ligands are two histidines, a cysteine anion, and a methionine. In contrast, much less is known about the exact coordination environment of type 2 copper. Owing to the considerable overlap of EPR, circular dichroism, and optical absorption spectra arising from copper types 1 and 2, selective removal or reduction of the former center greatly aids any detailed study of the latter site. Accordingly, we have examined the EPR properties of type 2 copper through use of a ceruloplasmin derivative lacking type
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1 EPR signals (20 sion of the g1 (ca 3200 gauss) region of this spectrum is shown in Fig. 2 lower.
Addition of approximately 15 equivalents of fluoride to ceruloplasmin leads to a splitting of the lowest field EPR transition (Fig. 3) . This spectrum, which is better resolved than that reported by Briinden et al. (24) , was-obtained by the sequential addition of small amounts of fluoride over several days. After each addition, and a 24-hr equilibration period (24) , an EPR spectrum was run. In order to resolve the entire spectrum, we added nitric oxide to the fluoride-treated protein (Fig. 4) . Single addition of approximately 1000 equivalents of fluoride to the native protein led to further splitting of the lowest field transition, as displayed in Fig. 5 . As before, addition of nitric oxide led to loss of most of the type 1 EPR signal and resulted in the spectrum presented in Fig. 6 . (Fig. 2 upper) which, due to the lack of type 1 EPR signals, is noticeably simpler than the spectrum of the native protein (Fig. 1) . The ordering and magnitudes of the observed parameters, i.e., g > gI > 2.0023 and IA ii I 0.017 cm-1 (160 G), are entirely consistent with a tetragonal coordination geometry for type 2 copper. For such a complex, the unpaired electron is localized principally in a Cu(II) d,2-y2 orbital, resulting in a 2Btg ground state (assuming approximate D4h symmetry). A weak seven-line superhyperfine pattern in the go region is evident (Fig. 2 lower) . No (Fig. 3 ). After addition of nitric oxide (Fig. 4) , the splitting of each type 2 copper hyperfine line (see Fig. 1 ) into a doublet is clearly resolved. With fluoride present in 1000-fold excess, splitting of the lowest field type 2 transition into a triplet with an intensity ratio of approximately 1:2:1 is found (Fig. 5) . Again 
